INTRODUCTION
The intrinsic value of the parasites of the endangered (see NMFS 2003) smalltooth sawfish Pristis pectinata Latham 1794 has been given little attention; nevertheless, sawfish parasites are a threatened component of evolutionary history, they may impart health benefits to their hosts, and they may have a practical role to play in conservation efforts. Coextinction, the demise of dependent affiliate organisms resulting from extinction of their host species, was proposed by Dunn et al. (2009) as 'the most insidious threat to global biodiversity.' This idea has merit, of course, because we are unlikely to know that some-thing is gone if we do not know it existed, and, while the diversity of metazoan parasites is undoubtedly very high (Windsor 1998) , it is also difficult to measure. This is partly because not all hosts have been described (Windsor 1998 , Dobson et al. 2008 ), but also because parasites, even those infecting intensively studied fishes like the smalltooth sawfish, are inherently challenging to investigate given their typically small size and cryptic life habits. Attention to parasites has largely focused on their role as agents of disease, but a full understanding of their complex ecological function requires broader consideration (Wood & Johnson 2015) . They are, in fact, an integral component of a healthy ecosystem and can serve as biological indicators of host and environmental health (Marcogliese 2005 , Dougherty et al. 2016 . Some may reduce transmission rates of more pathogenic species (Johnson et al. 2013) , act as contaminant sinks (Sures 2003) , indicate host ancestry, or serve as biological tags (Whiteman & Parker 2005) .
Smalltooth sawfish parasites are largely unstudied. Hargis (1955) described the monogenoid Neoheterocotyle inpristi Hargis, 1955 (Monocotylidae) from the gill of an unspecified sawfish (Pristis sp.) from the northeastern Gulf of Mexico off Franklin County, Florida. Cheung & Nigrelli (1983) rediscovered this parasite (as N. ruggierii; see synonymy of Chisholm 1994) and described the skin-infecting monogenoid Dermophthirioides pristidis Cheung & Nigrelli 1983 (Microbothriidae) from smalltooth sawfish collected in the Florida Keys. There are a few, brief mentions of the isopods Livoneca ovalis (Say, 1818) (sometimes as Lironeca ovalis) and Nerocila acuminata Schiödte & Meinert, 1881 (Cymothoidae) infecting unspecified sawfish (Moreira & Sadowsky 1978) ; however, empirical data are wanting, and a single listing from a venerable monograph on isopods (Richardson 1905) seems the likely source of later listings until the present study. Hutton (1964) anecdotally reported metacercariae of the trematode Scaphanocephalus expansus (Creplin, 1842) as a parasite of the smalltooth sawfish from the eastern Gulf of Mexico near Tarpon Springs, Florida. No details were provided, however, and voucher specimens were apparently not de po sited, so verification is not possible. That no other published record exists, prior to the very recent description of Mycteronastes caalusi Kritsky, Bullard, Bakenhaster, Scharer & Poulakis, 2017 (Kritsky et al. 2017 , underscores the importance of any new parasitological data from smalltooth sawfish.
Researchers of the Florida Fish and Wildlife Conservation Commission's Fish and Wildlife Research Institute (FWRI) routinely monitor the population of the smalltooth sawfish in the Charlotte Harbor estuarine system, on the Gulf of Mexico coast of Florida, including the tidal reaches of the Peace and Caloosahatchee rivers. This activity provides opportunities for rapid canvassing of hosts for ectoparasites. Also, FWRI biologists conduct necropsies on opportunely obtained sawfish carcasses identified through solicited public reports of mortalities in Florida waters. Since 2004, parasitological data and specimens have been collected during this sampling, and they serve as the basis for this report. Here, we provide preliminary data for bringing attention to the previously unknown diversity of parasites infecting smalltooth sawfish, and we propose that they are useful in efforts to conserve their host.
MATERIALS AND METHODS
Beginning in 2004, parasites were collected from living and dead smalltooth sawfish Pristis pectinata. Ectoparasites were taken primarily from live hosts sampled during routine population monitoring in the Charlotte Harbor estuarine system (Poulakis et al. 2011) . Sampling was conducted primarily from February through September, so effort was less in the fall and winter. Smalltooth sawfish were caught in gill nets and seines and kept in a flooded net well or tub until they were measured, tagged, and examined before re lease. Though monitoring is ongoing, this report covers ectoparasites collected from live hosts for the period 1 March 2004 through 15 September 2014. Additional parasitological surveys were conducted on freshly dead smalltooth sawfish carcasses re ported by citizens via FWRI's sawfish hotline (Seitz & Poulakis 2002) . Material from dead hosts was recovered from various locations in south Florida from 15 January 2010 through 2 July 2016, and those parasites are also included here.
During the 12 yr study period, the protocol for parasitological field evaluations evolved from one of passive observation to more active canvassing by field analysts, who became increasingly more adept at detecting parasites. Representative parasite specimens were removed with forceps and placed in 50% isopropyl alcohol, 70 to 95% ethanol, or 10% formalin, either in the field or, after being retained alive in containers of seawater placed on ice for the duration of a sampling day, in the laboratory.
By 2013, sampling methods included routine gross visual inspections, conducted by experienced analysts, of dorsal and ventral skin, fins, eyes, gill slits, spiracle openings, and mouth. To minimize handling time of hosts, a few captured fish were not checked for parasites, and not all parasites noted in the field were evaluated in the laboratory; but with the exception of some specimens of Dermophthirioides pristidis, only parasites with laboratory-confirmed identifications are reported here. Beginning in 2013, specimens of D. pristidis were always recorded and, with one exception, counted in the field, whether or not voucher specimens were retained.
Specimens used for scanning electron microscopy were post-fixed in 1% osmium tetroxide, dehydrated through a graded ethanol series, critical-point-dried, and sputter-coated with gold. They were examined on a Hitachi S-3400N scanning electron microscope (SEM). A photomicrograph of D. pristidis was taken with an Olympus DP72 digital camera attached to a Nikon SMZ1500 stereomicroscope. Photomicrographs for specimens of Mycteronastes caalusi and Aporocotylidae sp. were prepared with an Olympus BX-51 equipped with differential interference contrast (No marski) optics and an Olympus DP 71 digital camera.
Smalltooth sawfish carcasses were transported on ice (Fig. 1) to the FWRI Charlotte Harbor Field Laboratory in Port Charlotte, where necropsies were conducted. In the case of one specimen, we received only freshly frozen organs. Opportune parasitological evaluations were included in necropsies only of recently dead hosts (i.e. those emitting little or no odor of decay, though most host specimens had died many hours prior to necropsy). Parasites recovered from carcasses were isolated, fixed, and identified, in part, at the FWRI in St. Petersburg. Further identifications were made at Idaho State University, Auburn University, and the University of Southern Mississippi.
When gill, olfactory organ, and internal parasitological evaluations could be conducted on fresh material, parasites were visually confirmed as dead (not moving) prior to fixation. After isolation and rinsing, fresh specimens for morphological study were placed directly into 5% neutral buffered formalin, and specimens for future molecular evaluation (not included in this report) were preserved in 95% ethanol. When time constraints required that organs be fixed before parasite examinations, the organs were cut open (gastrointestinal tract and heart) or placed directly (gills) into containers and doused with 70 to 90°C tap water to heat kill any helminths that might have been alive. Immediately following hot water, 10% neutral buffered formalin was added to containers to double the volume of liquid so that any parasites would be fixed in roughly 5% formalin.
In analyses of prevalence and intensity of D. pristidis, we eliminated data collected before 2013 and an additional 11 screenings from 2013 through 2014 for which voucher specimens were not collected and for which field notes were insufficient for us to confidently determine presence or absence at the time of analysis. One individual was captured and screened on 4 separate occasions, but the first 3 screenings took place during a 1 mo period, so only the first and fourth screenings were included for analysis. To evaluate any effects of season (winter: December to February; spring: March to May; summer: June to August; fall: September to November), host size (stretch total length, defined as the maximum length from tip of rostrum to tip of caudal fin; STL), and sex on prevalence (% of hosts infected) and intensity (number of worms present on a given infected host), we used generalized linear mixed models (SAS V9.4). Because we collected relatively few samples in fall (n = 5) and winter (n = 3), we combined samples caught in these seasons for analysis. We assumed a binomial distribution for prevalence (yes/no infected) and a negative binomial distribution for intensity (i.e. number of D. pristidis). We initially included a random effect to account for multiple captures of the same tagged fish, but that covariance was estimated at zero in both models and so this random effect was dropped.
RESULTS
We documented findings from 336 screenings for ectoparasites on 290 specimens of smalltooth sawfish Pristis pectinata (n = 277 living and 13 recently dead) ranging in size from 671 to 2640 mm STL (mean = 1230 mm). Postmortem screenings for gill and internal parasites were conducted on 8 of the freshly dead hosts. In total, we collected at least 22 species of internal and ex ternal parasites belonging to 4 phyla ( Table 1) . Complete taxonomic evaluations of parasites are still in progress, and, as they are completed, voucher specimens will be deposited in the National Invertebrate Zoology Collection of the National Museum of Natural History (Smithsonian Institution, Washington, DC).
We observed few instances of parasite-associated lesions. There were occasionally patches of bluish discoloration on host skin with apparent scale loss (determined by gross visual and tactile examination). These were anecdotally associated with relatively intense infections by Dermophthirioides pristidis and (Poynton et al. 1997 , Bullard et al. 2000 , Young et al. 2013 . Occasionally, smalltooth sawfish specimens presented with lesions associated with a single specimen each of the leech Branchellion torpedinis Savigny, 1822. Grossly, affected skin appeared red and swollen, or even ulcerous. Often these leech-associated lesions occurred on the dorsal skin (e.g. posterior to 1st dorsal fin, caudal peduncle), one specimen was attached around the spiracle aperture, and two were observed on claspers (Fig. 2) . One host with an infected clasper was captured 3 times. In the first evaluation of that specimen (16 January 2007), no leech was observed but the clasper exhibited reddening and swelling. During the first recapture (9 February 2007), a specimen of B. torpedinis was observed attached to the affected clasper, the swelling was noticeably more severe than it had been earlier, and the reddened area had expanded to include the skin at the base of the pelvic fin. We removed the leech, and when the fish was again captured (13 March 2007), substantial healing had oc curred. Similarly, the leech attached to the lesioned spiracle was removed, and when the host was recaptured about 2 mo later, the lesion had apparently completely healed. No smalltooth sawfish collected post-mortem had any internal or external lesions that could be readily attributed to metazoan parasites. Ectoparasites were generally observed at relatively low prevalence and intensity throughout the study period, but D. pristidis was a notable exception: 98 infections were documented over the entire study period, with only 1 misidentification of 355 voucher specimens evaluated in the laboratory. For sampling in 2013 and 2014, we observed infections of D. pristidis on 51 of 80 (64%) field evaluations. These 80 captures represented 69 unique smalltooth sawfish, of which 47 were infected on at least 1 capture occasion (68%; 95% CI: 79.1 to 57.3). Of the 9 smalltooth sawfish that were sampled multiple times, 2 were infected each time (22%), 4 were negative at first capture but subsequently found to be infected (44%), and 3 were infected at first capture but subsequently found to be negative (33%). From 2013 through 2014, intensities ranged from 1 to > 50 individuals. Mean intensity was 10.16 in the 50 evaluations that included exact counts.
Infections of D. pristidis were documented yearround and on male and female smalltooth sawfish of all sampled ages (lengths). Host sex had no effect on prevalence (F 1, 75 = 1.02, p = 0.340) or intensity (F 1, 46 = 2.36, p = 0.131). There were, however, effects of both season (F 2, 76 = 5.55, p = 0.006) and host size (F 1, 76 = 8.46, p = 0.005) on prevalence (Fig. 3) . Prevalence was highest during the spring, and likelihood of infection increased with host size. Only 3 infected specimens had intensity counts for D. pristidis during the fall/winter, so this season combination was removed from the intensity analysis. There was no difference in intensity between the spring and summer seasons (F 1, 46 = 0.57, p = 0.455), but intensity did increase with size (F 1, 46 = 10.52, p = 0.002) (Fig. 4) .
DISCUSSION
As parasites deteriorate rapidly after their host dies and because we sampled ectoparasites from live hosts frequently and endoparasites from dead hosts only, the endoparasite specimens were generally fewer in number, of lower quality, and likely underrepresented in terms of species diversity. Nevertheless, this study increased the number of parasites reported from smalltooth sawfish by 18 taxa.
Both cymothoid isopod species represented in our collections have previously been reported to infect 'sawfish' off North America as per Richardson (1905) , who erroneously identified the host as Pristis semisagittatus, appar- Brusca 1978 Brusca , 1981 from our collections represents a eu ryzenous species. Both stomach-infecting digenean species from our collections were hemiuroids, and 2 specimens could be further identified as members of Lecithochiriinae, and probably belonged to either Plicatrium Manter & Pritchard, 1960 or Lecithochirium Lühe, 1901. Additional, high quality specimens might allow identification of these species. Members of this group are typically specialized parasites of teleosts and have been considered opportunistic in elasmobranchs (i.e. incidental associations occur, but they do not represent long-term parasitological relationships on an evolutionary scale) (Bray & Cribb 2003) . In our collections, the poor condition of fragmented cestodes from the spiral valve will likely preclude the possibility of further morphological identification using these specimens. Similarly, 1 ascaridoid nema- Solid curve is the model-predicted intensity at a given STL; dashed curves represent 95% confidence intervals tode is in poor condition and, like 2 heart-infecting didymozoids, it is a larval form and further identification was not practicable. None of the leeches are host-specific (per diagnoses and ecological information in Sawyer et al. 1975) . Our observation that the leech Branchellion ravenelii (Girard, 1850) was always attached in and around the gill slits is novel and contrasts with the observed habits of its less site-specific congener B. torpedinis Savigny 1882. In the case of the leech Heptacyclus philothermus (Sawyer, Lawler & Overstreet, 1975) , our specimen was in poor condition and some diagnostic features (eyespots or characteristic dorsal pigmentation) could not be confirmed. All other leeches known to range in the region were ruled out by the absence of branchia, tubercles, and pulsatile vesicles and by the shape of the caudal sucker. Our specimens of Stibarobdella macrothela (Schmarda, 1861) were immature, so our identification is tentative, but they possessed a rough tegument with rounded, wart-like tubercles that are unique among the species occurring in the Gulf of Mexico. It is a wide-ranging, generalist parasite of elasmobranchs. The species also infects carcharhinid sharks in the Gulf of Mexico, tiger sharks Galeocerdo cuvier (Péron & Lesueur, 1822) off Hawaii, and various other sharks off Baja, California (S. S. Curran unpubl. data).
Among the copepod species, our collection of Pandarus sp. is relatively large, with representatives of various ages, but individuals are morphologically similar to both P. floridanus and P. sinuatus (per diagnoses in Cressey 1967) . Pigmentation patterns are important in distinguishing the species, but in our samples the degree of pigmentation varies among specimens, apparently increasing with age, so additional microscopic examinations of appen dages and comparison with original descriptions and type material are needed. Species-level identification of the other copepods will require more detailed examination and possibly the collection of additional specimens.
Two monogenoid species previously known to infect smalltooth sawfish, Dermophthirioides pristidis (Fig. 5) and Neoheterocotyle inpristi (Fig. 6) were shown to be extant in our sampling area, and highquality specimens allowed for examination with a SEM. This examination provided new morphological information about the dorsal surface of D. pristidis, which is densely covered in papillae of undetermined function (Fig. 5C ), and detailed 3-dimensional imagery of the haptoral structure of N. inpristi. A third monogenoid, Mycteronastes caalusi (Fig. 7) , was described as a new species (Kritsky et al. 2017) while the current manuscript was in review. A blood fluke, Aporocotylidae sp. (Fig. 8) , found in rinsings of the heart, remains undescribed.
An observed lesion associated with a parasitic infection can be related to the attachment or feeding activity of the parasite. Different parasites feed on different tissue components. For example, leeches feed on blood, whereas monogenoids found in this study feed on the epidermis, principally epithelial cells or mucous (goblet) cells. Grossly visible parasite-associated lesions were rare in our samples, and only the leech Branchellion torpedinis was associated with a significant lesion. The bluish patches of skin sometimes associated with infections by Dermophthirioides pristidis in our samples are similar to those caused by its relative Dermopthirius penneri Benz, 1987 on the skin of the blacktip shark Carcharhinus limbatus (Müller & Henle, 1839) . Bullard et al. (2000) described these lesions in detail and concluded that they were not severe or debilitating unless environmental conditions were such that the parasite popu- 4 400 µm 00 µm Fig. 8 . Photomicrograph of a fresh specimen of an undescribed blood fluke (Aporocotylidae) taken from the heart of a smalltooth sawfish Pristis pectinata lation on the host increased to the point that the lesions could become pathogenic. Like other microbothriids, Dermophthirioides pristidis is alleged to threaten the health of its captive host (Cheung & Nigrelli 1983) , and other mono genoids are known to reach pathogenic intensities in aquariums while likely remaining benign in wild host populations (Benz & Bullard 2004 ). In contrast, B. torpedinis, because it is a blood-feeding ectoparasite that must pierce the epidermis (which is nonvascular in elasmobranchs) to reach the vascular portions of the stratum compactum (deep dermis), causes ulcerative lesions even if only one leech is present. Marancik et al. (2012) showed that a single specimen of the leech could be lethal in the yellow stingray Urobatis jamaicensis (Cuvier, 1816) under laboratory conditions. While we did not detect a leech when we first noticed the lesioned clasper of one host specimen, B. torpedinis apparently can temporarily hide in a body cavity, especially the orobranchial chamber and possibly the cloaca (A. D. Dove pers. comm.). Further, these leeches are expected to move off and back onto the host during their life cycle (Benz & Bullard 2004) , so additional leeches may have contributed to the lesion if the clasper is a preferred site of infection (but see Marancik et al. 2012 , who suggest that this species may form a more lasting association with a given host).
The host-specific parasite species of smalltooth sawfish are of particular interest because they are likely to be endangered, as is the sawfish itself. Parasites dependent on a single host species are theoretically more vulnerable to extinction than are generalist parasites (Koh et al. 2004 , Dunn et al. 2009 ). Given the empirically demonstrable success of high host specificity as an adaptive strategy, this might be a flawed assumption when applied to the entirety of evolutionary history, but it is probably valid at least in the context of the ongoing Holocene (Anthropocene) extinction event, during which ancient and widely distributed host lineages such as the Elasmobranchii are experiencing unprecedented anthropogenic threats (Strona 2015) . In fact, parasites with high host specificity may be even more vulnerable to extinction than their hosts, in part because parasite transmission rates may drop below critical minima when host abundance is low (Dunn et al. 2009 , Moir et al. 2010 ). Many of the parasitic taxa reported here, such as Pandarus sp. and B. torpedinis, have been reported from other host species, and some, like a free-swimming juvenile specimen of Livoneca sp., are likely transient and may even qualify as inci dental. Mycteronastes caalusi and the undescribed aporocotylid, however, are probably specific to smalltooth sawfish (Benz & Bullard 2004 , Orélis-Ribeiro et al. 2014 . Notably, D. pristidis and N. inpristi, both putative specialists on smalltooth sawfish, are already known to form niche pairings with distinct but related species of monogenoids reported from largetooth sawfish Pristis pristis (Linnaeus, 1758) (sensu Faria et al. 2013 ) and dwarf sawfish P. clavata Garman, 1906 collected in Australia. Dermophthirioides pristidis and Dermopristis paradoxus Kearn, Whittington & Evans-Gowing, 2010 infect the skin of smalltooth sawfish and largetooth sawfish, respectively (Kearn et al. 2010), and N. inpristi and N. darwinensis Chisholm & Whittington, 2000 infect the gills of smalltooth sawfish and dwarf sawfish, respectively (Chisholm & Whittington 2000) .
Among the parasites observed in our surveys and based on available evidence, Dermophthirioides pristidis could be a useful biological indicator. Firstly, it attaches externally, a prerequisite for nonlethal sampling of the host. Further, at maturity it is large enough (reaching > 5 mm diameter) to be observed by experienced analysts without magnification. It is also likely to be exclusively a parasite of smalltooth sawfish because (1) it has yet to be reported from another host and (2) a high degree of host specificity is to be expected among microbothriids (Benz & Bullard 2004) . Finally, it is relatively abundant and so may better support statistically robust baseline data sets than many species observed less frequently in our samples. Seitz & Poulakis (2002) noted that a variety of independent data sets strongly suggest that the population and geographic range of the smalltooth sawfish diminished during the 20th century, but they also showed that a relatively healthy breeding population still uses our sampling area as a nursery. So, any successful conservation efforts will likely result in the dispersal of individuals from southwestern Florida to other localities in the species' historic range, and they could vector Dermophthirioides pristidis. The ab sence of hemorrhagic lesions caused by D. pristidis in combination with the relatively high prevalence and moderate intensities of this monogenoid in our samples suggests an ecosystem in healthy equilibrium from the perspectives of host and parasite. Thus, our data for D. pristidis could comprise a baseline for relatively healthy populations of smalltooth sawfish occupying suitable habitats, a useful reference point for gauging the health and stability of future colony populations and possibly for identifying systemic problems before ecological tipping points are passed.
Season and host size affected prevalence of D. pristidis, and size also explained some variation in intensity of infection. A correlation between host size and prevalence and intensity has been shown for other marine fishes (Rohde et al. 1995) . Although D. pristidis was present year-round, our findings suggest an annual population decline in summer and fall and a proliferation in spring. A possible source of noise in our prevalence and intensity data is our practice of removing D. pristidis from hosts. Thus, our research vessel often served as a sort of anthropogenic cleaning station, and we could have artificially decreased prevalence and intensity in recaptured hosts. Yet only 3 hosts were infected at first capture and then uninfected at recapture. Further, we found that prevalence and intensity were on average higher in larger hosts, a trend that should have been muted if our removal of parasites from hosts when they were smaller reduced the probability of infection when they were recaptured later, at a larger size.
The tolerance of D. pristidis of low salinities has not been investigated, but it may well be lower than that of its host, a possibility relevant to host conservation. The summer−fall decline in D. pristidis populations corresponds with the rainy season in south Florida (June to November), a period during which marked drops in salinity can influence the movements of smalltooth sawfish within the nursery, but they remain within it (Poulakis et al. 2011 (Poulakis et al. , 2013 . Parasites have been called ecological puppeteers because their impacts on individual hosts' health and behavior can be profound at the ecosystem (collective) level (Dougherty et al. 2016) , and the possibility that infection by D. pristidis could influence host movements in the Charlotte Harbor estuarine system is intriguing. Poulakis et al. (2011) suggested that the tendency for juvenile smalltooth sawfish to remain in place during periods of high freshwater flow might be an adaptive strategy for avoiding predators and competitors, but they did not consider whether low salinity might have a prophylactic effect on ectoparasites. If periods of low salinity are necessary for the control of populations of D. pristidis, this could be an important consideration in management of river systems with damregulated flow rates. Alterations in freshwater flow due to climate change could also be a factor in the stability of this host−parasite relationship.
Moving forward, we intend to retain parasitology as a component of smalltooth sawfish monitoring in southwest Florida. We will continue obtaining prevalence and intensity data for D. pristidis to further develop a multiyear baseline data set that may be useful in conservation efforts. Representative specimens of D. pristidis will be preserved in 95% ethanol to facilitate future population-genetic studies that could provide information on the movements of smalltooth sawfish as they disperse into localities from which they had once been extirpated. Taxonomic descriptions of 2 species new to science are either complete (Kritsky et al. 2017) or in preparation, and additional investigations may reveal other new species. The lack of basic information on the parasites of smalltooth sawfish suggests that future re search on this host might benefit from adoption of the core philosophy behind Windsor's (1995) slogan 'Equal Rights for Parasites', i.e. that parasites matter in conservation biology. These parasites are valuable components of biological diversity, they are potentially useful as tools in host conservation, and they likely have a complex relationship with host health that goes beyond pathogenicity. Crowder and Theresa Cody improved earlier versions of the manuscript, as did Clark Gray, who also played a critical role in electron microscopy by preparing specimens and assisting with the production of micrographs. Maki Tabuchi assisted with parasite sampling during necropsies, as did Yasunari Kiryu, who additionally took the photograph used for Fig. 1 . Our smalltooth sawfish research is ongoing and has been supported primarily by funding from the US Department of Commerce (DOC), National Oceanic and Atmospheric Administration's (NOAA) National Marine Fisheries Service through Section 6 (Cooperation with the States) of the US Endangered Species Act under the following grant awards to the Florida Fish and Wildlife Conservation Commission from both NOAA (NA06NMF4720032, NA10NMF -4720032, and NA13NMF4720047) and the Nat ional Fish and Wildlife Foundation (NFWF; 2003-0206-008 and 2004-0012-008) . Funding for collection, processing, and identification of parasites was provided in part to FWRI by the US Department of the Interior (DOI) US Fish and Wildlife Service (USFWS) Federal Sportfish Restoration Grants F-72 9−16, F12AF00878, F13AF00529, F14AF00955, F15AF00893, and F16AF00544. This is also a contribution of the Southeastern Cooperative Fish Parasite and Disease Project (Auburn University). Preliminary aspects of this work were presented as part of the symposium 'Biology and Ecology of Sawfishes' at the 2016 annual meeting of the American Elasmobranch Society, which was supported by funding from the Save Our Seas Foundation, Disney Conservation Fund, and the American Elasmobranch Society. Statements, findings, conclusions, and recommendations are those of the authors and do not necessarily reflect the views or policies of the DOC, NOAA, DOI, USFWS, or the NFWF. Mention of trade names or commercial products does not constitute their endorsement by the US government, the State of Florida, or the NFWF. This research was conducted under Endangered Species Permit numbers 1475 and 15802 (FWC) issued by the National Marine Fisheries Service.
